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(54) Title: LEAF SPRING FOR A RIGID AXLE OF A VEHICLE 
(57) Abstract 



Hie inventioD 
relates to a leaf spring (1) 
for suspension of a rigid 
axle (2) in a vehicle. The 
spring is joined at a first 
iend (4) to the frame (6) 
of the vehicle by juncture 
means which permit 
pivotal movement about 
a pivot axis essentially 
parallel to die axle (2). 




and being joined at the other second end (7) to the frame by juncture means which permit pivotal movement about a pivot axis essentially 
paraUel to die axle (2) and displacement in the longitudinal direction of the spring, said spring (1) being rigidly joined intermediate its ends 
to the axle (2) and also being made with cross-sectional moments of inertia which vary in die longitudinal direction of the spring. The 
invention is characterized in diat the spring (1) in a first portion (19). extending between die first end (4) and the juncture widi the axle (2), 
has a tiiickness which from a starting value at the first end (4) mcreases along a paraboHc curve to a maximum value at die junction witii 
die axle (2), and in a second portion (20), extending between die die junction with tiie axle (2) and die second end (7), has a diickness 
which fi-om a starting value at the second end (7) increases along a parabolic curve to a maximum value at die juncture widi die axle (2), 
die maximum value in die first portion (19) being greater dian or essentially equal to die corresponding value in die second portion (20), * 
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PCT/SE93/01102 



Leaf spring for a rigid axle of a vehicle 

The invention relates to a leaf spring for suspension of 
a rigid axle of a vehicle, said spring being joined at a 
first end to the vehicle frame or the like by junction 
means permitting pivotal movement about a pivot axis 
5 essentially parallel to the axle, and being joined at the 

other second end to the frame by junction means which 
permit pivotal movement about a pivot axis essentially 
parallel to the axle and displacement in the longitudinal 
direction of the spring, said spring being rigidly joined 
10 intermediate its ends to the axle. 

Leaf springs of the type described above are widely used 
to suspend rigid axles in vehicles of ^rsirryLng types, 
primarily heavy vehicles such as trucks and the like. The 
15 springs are used in pairs with one spring on either side 

of the vehicle near the ends of the axle. 

A common type of spring for the area of application 
described above is the so-called taper leaf spring. This 

20 spring consists of one or more leaves, at least the main 

leaf of which is designed in such a manner that the 
cross-sectional moment of inertia of the leaf varies in 
the longitudinal direction of the spring, so that the 
bending stress in the leaf will be essentially equal over 

25 the major portion of the length of the leaf. Such a 

distribution of bending stress is achieved if the bending 
resistance of the leaf increases linearly as seen from 
the ends of the leaf towards the juncture of the spring 
with the axle. 

30 

A disadvantage of all leaf springs of the type described 
above is, however, that the axle, when absorbing loads, 
is not displaced up and down along a straight line but 
rather along a curved path. This means that the axle in 
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addition to moving vertically will also move in the 
longitudinal direction of the vehicle as the load 
changes. If the movement of the springs is different on 
one side of the vehicle from the other, the displacement 
5 of the axle in the longitudinal direction of the vehicle 

will be different between the two sides. This means that 
the axle will be set obliquely and have a steering effect 
on the vehicle. This so-called roll steering affects the 
driving properties of the vehicle^ and it is desirable to 
10 reduce this effect as much as possible. 



The purpose of the invention as to provide a leaf spring 
of the type described by way of introduction, which 
creates very little roll steering and other effects on 
15 the driving properties of the vehicle, at the same time 

as one can maintain relatively large deflection and thus 
good comfort. 



That described above is achieved by means of a leaf 
20 spring which is characterized by the features disclosed 

in the characterizing clause of Claim 1. 



The invention will be described in more detail below with 
reference to the accompanying drawings, of which 
25 Fig. 1 is a perspective view of a rigid axle and its 

suspension components in a vehicle. 

Fig. 2 is a schematic side view of a spring and its 
pattern of movement, 

Fig. 3 is a schematic side view of a spring according to 
30 one embodiment of the invention. 

Fig. 4 is a diagram showing the stress distribution in 
the spring according to Fig. 3, 

Fig. 5 is a schematic side view of a spring according to 
a second embodiment of the invention, and 
35 Fig. 6 is a diagram which shows the stress distribution 

in the spring according to Fig. 5. 
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Fig. 1 shows a common type of front end construction for 
a heavy vehicle, for example a truck. It includes two 
springs 1, which are designed to suspend a rigid axle 2 
which supports two wheels 3. The two springs 1 are 
5 essentially identical, and each of the springs 1 is 

joined at its first end 4 to the frame of the vehicle or 
the like by juncture means (not shown), which permit 
pivoting of the spring about a pivot axis lying 
essentially parallel to the axle 2, and which is re- 

10 presented in Fig. 1 by a transverse hole 5 in the first 

end 4 of the spring. The juncture means can consist of a 
bolt, which is inserted through the hole 5 and is 
supported by the vehicle frame. Only a small portion 
thereof is shown at 6 in Fig, 1, while the rest of the 

15 parts have been left out to make the relevant parts 

clearly visible. 

The other end 7 of each spring is joined to the frame 6 
by juncture means (not shown), which permit the spring 1 

20 to pivot about a pivot axis lying essentially parallel to 

the axle 2, and permitting the end 7 to be displaced in 
the longitudinal direction of the spring 1. The juncture 
means can consist of a spring shackle of conventional 
type, comprising a bolt extending through a hole 8 in the 

25 end 7 of the spring, and is pivotally joined to the 

frame 6 . 



Fig. 1 also shows a steering device with a steering wheel 
9 which actuates a steering gear 10, which is fixed to 

30 the frame 6. The steering gear 10 is provided with an 

output shaft, supporting a Pitman arm 11, which, by means 
of a link rod 12, is joined to a steering arm 13, which 
is fixed to the wheel 3 to steer the same. There is also 
a tie rod 14 to transmit the steering movements to the 

35 wheel 3 on the other side of the vehicle. 
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Fig. 1 also shows other parts included in the front end 
of the vehicle, but these parts are of minor importance 
to the invention and therefore will not be described in 
more detail here. 

5 

The springs 1 shown in Fig- 1 are each composed of two 
spring leaves, but the principles of the invention can 
also be applied to springs with one leaf or with more 
than two leaves . 

10 

Fig. 2 shows schematically the pattern of movement of a 
spring 1 when absorbing loads. The line la shows the 
spring 1 in an intermediate position, while the line lb 
shows the spring 1 under full load, and the line Ic shows 

15 the spring unloaded. As mentioned previously, the first 

end 4 of the spring 1 is non-displaceably joined to the 
frame 6, while the other end 7 of the spring 1 is joined 
to the frame 6 in such a manner as to permit longitudinal 
displacement of the spring. This means that the axle 2, 

20 which is fixed to the intermediate portion of the spring 

1, will follow a cujTved path 15 as the spring moves. The 
centre of curvature 16 of said curved path is located at 
a relatively great distance from the first end 4 of the 
spring. The sharper the curvature of the path 15 is, the 

25 larger will be the so-called roll steering as a result of 

the longitudinal displacement of the axle 2 . 

A reduction in the curvature of the path 15, i.e. dis- 
placing the centre of curvature 16 towards the first end 
30 4 of the spring 1, provides a reduction in vehicle roll 

steering. This is achieved according to the invention by 
means of a leaf spring, where the stiffness varies in 
various portions of the spring. 

35 A first embodiment of a leaf spring 1 according to the 

invention is shown in Fig. 3 in very schematic form. For 
the sake of simplicity, only one spring leaf 17 is shown, 
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the thickness of which is greatly exaggerated in Fig, 3, 
and the underside of which is shown in a planar state. 
The middle portion of the spring leaf 17, where the axle 
2 is to be mounted, has a thicker portion 18 which gives 
5 the spring leaf 17 constant thickness in this portion. 

The thicker portion 18 is designed for purely practical 
reasons and does not constitute a part of the invention. 



The spring leaf 17 has a first portion 19 which extends 

10 between the first end 4 and the juncture with the axle 2, 

and a portion 20 which extends between the juncture with 
the axle 2 and the second end 7 . The thickness of the 
spring leaf 17 in the first portion 19 increases 
significantly more sharply from the first end 4 towards 

15 the juncture with the axle 2, than the thickness of the 

second portion 20 increases from the second end 7 towards 
the juncture with the axle 2 . The desired design of the 
portions 19 and 20 at the middle of the spring leaf 17 is 
shown with dashed lines 19a and 20a, respectively, while 

20 the practical design is shown with the solid line. Also, 

the desired design at the ends 4 and 7 is shown with the 
dashed lines 19b and 20b. For practical reasons, the 
thickness of the ends 4 and 7 is made the same and is a 
starting value from which the thickness of the spring 

25 leaf 17 increases. In this manner, the moment of inertia 

of the spring leaf 17 increases from the ends 4 and 7 
towards the juncture with the axle 2 . 



When the spring leaf 17, shown in Fig., 3, is loaded, a 
30 stress distribution in the spring leaf 17 is achieved 

which is shown by the stress curve 21 in Fig- 4. It is 
evident therefrom that with a suitable dimensioning of 
the thickness in the two portions 19 and 20 of the spring 
leaf 17 , it is possible to achieve in these portions 
35 moments of inertia which provide essentially constant 

stress. For this, the thickness of the first portion 19 
and of the second portion 20 must increase along a ' 
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parabolic curve. As is evident from Fig, 4, what is 
achieved with the design of the spring leaf 17 in accord- 
ance with Fig. 3 is a lower stress in the first portion 
19 than in the second portion 20. This means that the 
5 spring leaf 17 is stiffer in the first portion 19 than in 

the second portion 20. This also means that the first 
portion 19 will not change its shape as the spring moves 
as much as the second portion 20, which in turn means 
that the centre of curvature 16 (Fig. 2) will be closer 
10 to the first end 4 than what is the case with a parabolic 

taper leaf spring with the same stiffness in both 
portions • 



Increasing the radius of curvature of the path 15, i.e. 
15 the distance between the path 15 and the centre of curva- 

ture 16, by 15-20% achieves a quite tangible reduction in 
vehicle roll steering, but an increase which is as little 
as 5-7% also provides a positive effect. 

20 Fig. 5 shows a spring leaf 22 according to a second 

embodiment of the invention. The spring leaf 22 has a 
thicker portion 18 in its middle part at the juncture 
with the axle 2. This thicker portion does not constitute 
any part of the invention. The desired design of the 

25 portions 19 and 20 at the juncture with the axle 2 is 

shown with the dashed line 19a, 20a, and at the ends 4 
and 7 with the dashed lines 19b and 20b, respectively. 
The first portion 19 of the spring leaf 22 and its second 
portion 20 are made with varying thickness, the thickness 

30 of the two portions varying along the same curve, which 

preferably is a parabolic curve. The increased stiffness 
in the first portion 19 has been achieved by making the 
thickness of the material in the first end 4 greater than 
the thickness of the material in the second end 7, as is 

35 indicated by the arrow 19c. This means that the increase 

of the thickness in the first portion 19 begins first at 
a greater distance from the first end 4, while the in- 
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crease of the thickness of the second portion 20 begins 
at a shorter distance from the second end 7. This design 
of the spring leaf 22 provides moments of inertia which 
give a stress distribution as shown in the stress curve 
5 23 in Fig* 6. The lower stress in the first portion 19 

closest to the first end 4 means that the first portion 
19 will have greater stiffness than the second portion 
20. 



10 The above descriptions of the spring leaf 17 according to 

Fig. 3 and the spring leaf 22 according to Fig, 5 apply 
of course provided that the spring leaves have constant 
width, since the cross-sectional area of the spring 
leaves affect the moments of inertia and the pattern of 

15 movement of the spring leaves when loaded. It is thus 

also conceivable to vary the width of the spring leaves 
instead of the thickness, or in combination with a change 
in the thickness. 

20 1 With a leaf spring according to the invention, it is 

possible to achieve a reduction in the disadvantageous 
roll steering while essentially retaining the other 
characteristics of the spring. An additional advantage 
which is obtained with a leaf spring according to the 
25 invention is that the curve 15 which the axle 2 follows 

in its spring movements, approaches the curve 12a which 
the end of the link rod 12 remote from the steering gear 
10 follows during load e±)sorbing movements of the axle 2 . 
By virtue of the fact that the cuwes 15 and 12a have 
30 come closer to each other than what is the case in the 

known parabolic taper leaf spring, there is less effect 
on the steering of the vehicle with the same placement of 
the steering gear 10. Since it is often not possible to 
freely select the placement of the steering gear 10, due 
35 to a lack of a space for example, this reduced effect on 

the steering is advantageous . 
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The invention is of course not limited to the examples 
described above. Rather, changes can be made within the 
scope of the following patent claims. For example, it is 
possible to combine the embodiments according to Figs. 3 
5 and 5, i.e. making a spring leaf both with different 

starting values of the thickness at the ends of the two 
portions and different maximum values of the thickness of 
the two portions at the juncture with the axle. 



10 Furthermore, it is also possible to place the juncture 

with the axle in another manner than what is shown in the 
drawing, which would mean that the two portions of the 
spring would have different lengths. In such a spring it 
is preferable that the longer of the two portions of the 

15 spring is placed towards the front of the vehicle in 

which the spring is mounted. 

It is also possible to make a spring according to the 
invention with more than one spring leaf. In this case, 
20 it is suitable to make all of the spring leaves in 

accordance with the invention, but it is also possible to 
make one or more of the spring leaves according to the 
invention while having the other spring leaves be of 
conventional type, i.e. taper leaf spring type. 
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CLAIMS 



1. Leaf spring for suspension of a rigid axle (2) of a 
vehicle, said spring (1) being joined at a first end (4) 
to the vehicle frame (6) or the like, by juncture means 
permitting pivotal movement about a pivot axis essential- 

5 ly parallel to the axle, and being joined at the other 

second end (7) to the frame (6) by juncture means which 
permit pivotal movement about a pivot axis essentially 
parallel to the axle (2) and displacement in the 
longitudinal direction of the spring, said spring (1) 

10 being rigidly joined intermediate its ends to the axle 

and also being made with cross-sectional moments of 
inertia varying in the longitudinal direction of the 
spring (!)# characterized in that the 
spring (1) in a first portion (19)r which extends between 

15 the first end (4) and the juncture with the axle (2), has 

a thickness which from a starting value at the first end 
(4) increases along a parabolic curve to a maximum value 
at the juncture with the axle (2), and in a second 
portion (20), extending between the juncture with the 

20 axle (2) and the second end (7), has a thickness which 

from a starting value at the second end (7) increases 
along a parabolic curve to a maximum value at the 
juncture with the axle (2), said starting value and/or 
the maximum value in the first portion (19) being greater 

25 than or essentially equal to the corresponding value in 

the second portion (20). 

2. Leaf spring according to Claim 1, character- 
ized in that the spring (1) is made with essentially 

30 constant width from the first end (4) to the second end 

(7). 

3 . Leaf spring according to Claim lor2, char- 
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acterized in that the spring ( 1 ) comprises at 
least two spring leaves. 



4. Leaf spring according to any of Claims 1-3, 

5 characterized in that the first portion ( 19 ) 
of the spring is mounted towards the front of the 
vehicle. 

5. Leaf spring according to any of Claims 1-4, 

0 characterized in that the first portion (19) 
of the spring (1) is longer than the second portion (20). 
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